The field experiment was conducted with four tillage and three nutrient management practices at Agronomy field unit, University of Agricultural Sciences, GKVK, Bangalore, Karnataka, India. The results of the study indicated that, higher groundnut pod yield (1307 and 1282 kg ha -1 ) and haulm yield (2733 and 2889 kg ha -1 ) was recorded with mechanical tillage + two intercultivations and integrated application of 50% organics and 50% inorganics, respectively as compared to rest of the treatments. Further, the same treatments noticed higher availability of N, P 2 O 5 and K 2 O in soil after harvest of groundnut, but greater improvement in soil organic carbon content was observed with conventional tillage + one intercultivation (0.62%) as compared to rest of the tillage practices. The maximum net returns and benefit-cost ratio was recorded with mechanical tillage + two intercultivations (Rs. 11,287 ha -1 and 1.75, respectively) and integrated application of 50% organics + 50% inorganics (Rs. 10,462 ha -1 and 1.69, respectively). However, interaction effect of tillage and nutrient management practices were not influenced significantly on soil fertility and productivity of groundnut under rainfed farming system.
INTRODUCTION
Groundnut (Arachis hypogaea L. Monech), also known as peanut and earthnut, is an important oilseed crop, seed containing 50% oil, 25-30% protein, 20% carbohydrates and 5% fiber and ash (Fageria et al., 1997) . Groundnut is 'king of oilseeds' belongs to the family Leguminosae. Groundnut is cultivated globally on an area of 24.62 million hectares adding 41.27 million tonnes of grains annually to the world food basket, with an average productivity of 1676 kg ha -1 (FAO, 2013) . It is the most important oilseed crop of India, cultivated in an area of 4.77 million hectares and 4.75 million tonnes of total production with an average productivity of 996 kg ha -1 (Anonymous, 2013) . A number of factors constrain groundnut production in Karnataka including declining soil fertility, imbalanced use of chemical fertilizers, poor weed and pest controls, and inappropriate tillage practices. Groundnut is largely grown by resource poor smallholder farmers under rainfed conditions. These farmers employ different tillage practices in the production of the crop. Many farmers perform tillage operations without being aware of the effect of these operations on soil physical properties and crop responses (Ozpinar and Isik, 2004) . Tillage is one of the important processes in agriculture. It is carried out mainly to loosen the upper layer of soil, to mix the soil with fertilizer and organic residues, to control weeds, and to create a suitable seedbed for germination and plant growth (Rasmussen, 1999) . According to Srivastava et al. (2006) , the objectives of tillage are to develop a desirable soil structure or suitable tilth for a seedbed.
Tillage is crucial for crop establishment, growth and ultimately, yield (Atkinson et al., 2007) . A good soil management programme protects the soil from water and wind erosion, provides a good, weed-free seedbed for planting, destroys hardpans or compacted layers that may limit root development, and allows maintenance or even an increase of organic matter (Wright et al., 2008) . Tillage systems are site specific and depend on crop, soil type and the climate (Rasmussen, 1999) . Tillage practices influence soil physical, chemical and biological characteristics, which in turn may alter plant growth and yield (Çarman, 1997; Ozpinar and Cay, 2006; Rashidi and Keshavarzpour, 2009 ). The role of deep tillage in ameliorating plough pans, hard pans or naturally occurring dense soil layers has been investigated by many workers (Vepraskas et al., 1986; Reddy et al., 1987; Campbell et al., 1994; Rashid et al., 1994; Akhtar et al., 1994) .
Reduced tillage is an effective alternative to conventional tillage for groundnut production (Drake et al., 2014) . Tripathi et al. (2007) have reported that soil tillage has major influence on soil bulk density, penetration resistance, water intake, storage and extraction of water from the soil by the plant roots and on the microbial activity which influences soil aeration, moisture and temperature. Integrated use of both chemical fertilizers and organic manures is needed to check the depletion of soil and enhance the yield levels. The theme of nutrient management in integrated way for increasing the soil fertility is gaining ground throughout the world in recent years due to high cost of fertilizer and reduced availability of organic manures.
Modern tillage and integrated nutrient management practices may affect soil fertility and productivity of groundnut due to different soil conditions created and fulfills the nutrient requirement of crop. But there is inadequate information on the effect of tillage and integrated nutrient management practices on soil fertility and productivity of groundnut under rainfed farming systems in the Karnataka region. The objective of the study was to compare the effect of different tillage and nutrient management practices and on the soil nutrient status, yields and economic returns components of groundnut.
MATERIALS AND METHODS

1. Location of the study
A field experiment was conducted at Agronomy field unit, University of Agricultural Sciences, GKVK, Bangalore, Karnataka, India. The test crop sown in the experiment was groundnut (variety TMV-2). The soil of the experimental field was analyzed before experimentation and values are presented in Table 1 . 
Treatmental details and design
The agronomic practices like various tillage and nutrient management practices carried out in present investigation. The experiment was laid out in a split-plot design with three replications. The twelve treatment combinations comprised four tillage practices viz., T 1 : Conventional tillage (bullock drawn desi plough twice followed by bullock drawn cultivator twice) + one intercultivation @ 25 days after sowing, T 2 : Conventional tillage (bullock drawn desi plough twice followed by bullock drawn cultivator twice) + two intercultivations @ 25 and 40 days after sowing, T 3 : Mechanical tillage (tractor drawn disc plough once followed by tractor drawn cultivator twice) + one intercultivation @ 25 days after sowing and T 4 : Mechanical tillage (tractor drawn disc plough once followed by tractor drawn cultivator twice) + two intercultivations @ 25 and 40 days after sowing in main plots and three nutrient management practices viz., 
3. Cultural practices
As per treatments, calculated amount of farmyard manures (based on the N requirement) was applied 15 days prior to sowing and mixed well. Nutrient compositions of the farmyard manure (FYM) was analyzed and presented in Table 2 . Then land was prepared as per treatment and leveled.
The plots were laid out and leveled within the plots. Each plot was enclosed by bunds of 20 cm width and 15 cm height. Groundnut cultivar TMV-2 was sown on last week of July 2007 by hand dibbling by adopting a spacing of 30 cm x 15 cm. All other agronomic practices were carried out as per schedule to raise the crop. The crop was raised under rainfed conditions. Table 2 . Nutrient composition of farmyard manure (FYM).
Organic source Nutrient composition (%)
Nitrogen
Phosphorus Potassium
Farmyard manure (FYM) 0.55 0.28 0.52
4. Soil sample collection and analysis
Soil samples were collected after harvest of the crop from 0-15 cm depth, dried under shade, powdered and passed through 2 mm sieve. The samples were analyzed for available nitrogen, phosphorus, potassium and organic carbon content in soil. The available nitrogen (N kg ha -1 ) in the soil was determined by alkaline potassium permanganate method as outlined by Subbaiah and Asiji (1956) .
The available phosphorus (P 2 O 5 kg ha -1 ) in the soil was determined by chlorostannous reduced molybdophosphoric blue colour method in hydrochloric acid system by using Bray-I extractant (Jackson, 1973) . The available potassium (K 2 O kg ha -1 ) in the soil was determined by neutral normal ammonium acetate extractant using a flame photometer (Jackson, 1973) . Organic carbon content was analyzed by using wet oxidation method (Walkley and Black, 1934) and expressed in percentage (%).
5. Crop data collection
The data on groundnut haulm and pod yield was calculated after harvest of crop from net plot area in kgs and converted into kg ha -1 . The harvest index (HI) was calculated as given by Donald (1962) .
HI (%) = Kernel yield per ha  100 Biological yield per ha In computing the economics, different variable cost items were considered. The cost includes expenditure on seed, manures, fertilizers and labour charges were calculated at prevailing market prices.
Labour requirement was worked out on the basis of labourers engaged for performing different field operations.
6. Statistical analysis
The experimental data were subjected to statistical analysis adopting Fisher's method of analysis of variance as out lined by Gomez and Gomez (1984) . The level of significance used in 'F' test was given at 5 per cent. Critical difference (CD) values are given in the Table at 5 per cent level of significance, wherever the 'F' test was significant at 5 per cent level.
RESULTS AND DISCUSSION
1. Weather condition during crop growth period
Environment is foster parent of plants. The fluctuations in weather conditions truly reflect on an expected yield. A rainfall of 682.1 mm was recorded during the period of experimentation (July to November, 2007). There was marginal variation in the rainfall of the experiment period from that of the average of 32 years (Table 3) . A look at the maximum and minimum temperature and also at the relative humidity indicates that the experimental locality recorded the maximum temperature of 28.8 °C in July to 26.9 °C in November, minimum temperature of 19.9 °C in July to 15.1 °C in November and relative humidity of 74.5% in September to 70.0% in July. Temperature and relative humidity existing during period of experimentation were conducive to the growth and development of groundnut. The crop did not experience abiotic and biotic stress during any of its growth stages. 
2. Soil fertility status
Soil fertility status was accessed by availability of organic carbon (OC), N, P 2 O 5 and K 2 O content in the soil after harvest of groundnut. The soil fertility status was differed significantly due to tillage and nutrient management practices (Table 4 and 5) . Among tillage practices, greater improvement in organic carbon content was recorded with conventional tillage + one intercultivation (0.62%) as compared to rest of the tillage practices. However, lower organic carbon was observed with mechanical tillage + two intercultivations (0.57%). This might be due to deep tillage by tractor drawn disc plough associated with maximum disturbance of soil which enhanced the oxidation processes in soil there by lower the organic carbon content in soil. However, mechanical tillage + two intercultivations treatment recorded higher availability N, P 2 O 5 and K 2 O in soil after harvest of groundnut (195.7, 35.88 and 214.8 kg ha -1 , respectively) over other tillage practices and which was on par with that of mechanical tillage + one intercultivation except K 2 O availability.
These results are in conformity with the findings of Vijay Kumar et al. (1999) who reported that the mean pod yield of groundnut was highest with treatment disc plough once + disc harrow once (tractor drawn) closely followed by that of rotavator and lowest was recorded in tillage with country plough. Among nutrient management practices, the increase in organic carbon content of soil was recorded with application of 100% organics (0.65%) followed by integrated application of 50% organics + 50% inorganics (0.59%). However, integrated application of 50% organics + 50% inorganics recorded higher availability N, P 2 O 5 and K 2 O after harvest of groundnut (195.1, 34.46 and 207.6 kg ha -1 , respectively) over rest of the treatments. These results are in conformity with the findings of Tolanur and Badanur (2003) and Bajpai et al. (2006) . However, the interaction between tillage and nutrient management practices were found to be non-significant with respect to soil fertility status. Table 4 . Soil organic carbon content as influenced by tillage and nutrient management practices.
Tillage practices (T) Nutrient management practices (F)
Organic carbon content (%) NS= non-significant; F 1 = 100% organics; F 2 = 100 % inorganics; F 3 = 50% organics + 50% inorganics.
Pod and haulm yield
The pod and haulm yield of groundnut varied significantly due to various tillage and nutrient management practices but interaction effect was non-significant (Table 6 ). The results indicated that, significantly higher pod and haulm yield of groundnut was recorded with minimum disturbance of soil with mechanical tillage + two intercultivations (1307 and 2733 kg ha -1 , respectively) and was closely followed by mechanical tillage + one intercultivation (1215 and 2693 kg ha -1 , respectively). However, lowest value was recorded with conventional tillage + one intercultivation (1081 and 2538 kg ha -1 , respectively). Similarly, effect of different tillage on pod and haulm yield was also reported by Sutaria et al. (2010) . Rabo and Ahmed (2013) reported that decreased of pod yield from 200.38 kg ha -1 to 110.25 kg ha -1 as the tillage practices are increased from zero tillage to maximum tillage, respectively.
The increase in yields of groundnut under tractor drawn tillage treatment was mainly due deep ploughing with tractor drawn implements may be due to the reason that the soil became softer and needles were facilitated for penetration in to the soil. Deep ploughing might be resulted in better conservation of soil moisture, which ultimately was used more efficiently by the crop for longer periods as compared with shallow ploughing. Similar explanations were given by Akhtar et al. (2005) and Anonymous (2006) . Howell (2011) further noticed that deep tillage in the seed furrow may have allowed more water to be held when rainfall occurred than in the conventional tilled plots. Table 6 . Haulm yield of groundnut as influenced by tillage and nutrient management practices. The integrated use of organic and inorganic nutrient sources (50% organics + 50% inorganics) produced significantly higher pod yield of groundnut (1282 kg ha -1 ) than 100% inorganics (1196 kg ha -1 ) and 100% organics (1089 kg ha -1 ). However, haulm yield was significantly higher in application of 100% inorganics (2889 kg ha -1 ) compared to application of 50% organics + 50% inorganics (2729 kg ha -1 ) and 100% organics (2301 kg ha -1 ). It may be due to application inorganic N fertilizer with organic sources is known to reduce the C:N ratio and stimulate the mineralization of organic N that intern resulted in higher yields (Malligawad et al. 2000) .
Tillage practices
Nutrient management practices
4. Harvest index
Harvest index of groundnut differed significantly due to various tillage practices and nutrient management practices, but not due to their interactions effect (Table 6 ). Mechanical tillage + two intercultivations treatment noticed maximum harvest index (0.324) as compared to rest of the treatments. It was closely followed by mechanical tillage + one intercultivation (0.312). Application of 100% organics recorded significantly maximum harvest index of groundnut (0.321) and which was on par with that of 50% organics + 50% inorganics (0.319).
5. Economics
The gross returns, net returns and benefit-cost ratio of groundnut were presented in Table 7 . Among the tillage practices, mechanical tillage + two intercultivations recorded higher net returns (Rs. 11,287 ha -1 ) and was closely followed by mechanical tillage + one intercultivation (Rs. 9,308 ha -1 ). The higher net returns in mechanical tillage + two intercultivations was attributed to maximum gross returns (Rs. 26,243 ha -1 ) realized with relatively lower cost of cultivation. The highest benefit-cost ratio of 1.75 was obtained with the same treatment i.e., mechanical tillage + two intercultivations, closely followed by mechanical tillage + one intercultivation (1.61). However, the lowest net returns and beneficcost ratio was realized with conventional tillage + one intercultivation (Rs. 6,297 ha -1 and 1.41, respectively). This was due to lower pod and haulm yield of groundnut (1081 and 2538 kg ha -1 , respectively) compared to rest of the tillage practices. Integrated application of 50% organics + 50% inorganics recorded higher gross and net returns (Rs. 25,771 and 10,462 ha -1 ) and also higher benefit-cost ratio (1.69) as compared to either 100% organics and inorganics. However, lower gross returns, net returns and benefit-cost ratio were noticed with application of 100% organics (Rs. 21,873 ha -1 , 7,185 ha -1 and 1.49, respectively). This might be due to lower pod and haulm yield (1089 and 2301 kg ha -1 , respectively). Application of 50% N through urea + 50% N through FYM recorded higher net return and BC ratio (Sutaria et al., 2010) . Similarly, Godsey et al. (2011) noticed that the reduced tillage system saved $93 ha −1 and generated $179 ha −1 more revenue compared to the conventional tillage system. Reduced tillage practices, especially no-till, seem to be a good fit for Southwestern US peanut production areas. NS= non-significant; T 1 = Conventional tillage + one intercultivation; T 2 = Conventional tillage + two intercultivations; T 3 = Mechanical tillage + one intercultivation; T 4 = Mechanical tillage + two intercultivations; F 1 = 100% organics; F 2 = 100 % inorganics; F 3 = 50% organics + 50% inorganics
CONCLUSION
The study indicated that mechanical tillage followed by intercultivations was helps in improving the soil fertility status as well as productivity of groundnut. But, deep tillage with tractor drawn implement associated with maximum disturbance of soil which enhanced the oxidation processes in soil thereby which resulted lower organic carbon status in soil. Farmyard manure is one of the important organic source of nutrient that improves the soil properties and use efficiency of applied chemical fertilizers. The supplementary and complementary use of organic manures along with chemical fertilizers, besides improving soil fertility also improves the productivity of groundnut under rainfed conditions. Integrated application of organic and inorganic sources of nutrient found to be improvement in soil fertility and productivity of groundnut, but increase in organic carbon content of soil was recorded with application of organics source of nutrients alone.
